Ceramide 1-phosphate regulates cell migration and invasion of human pancreatic cancer cells.
Pancreatic cancer is an aggressive and devastating disease characterized by invasiveness, rapid progression and profound resistance to treatment. Despite years of intense investigation, the prognosis of this type of cancer is poor and there is no efficacious treatment to overcome the disease. Using human PANC-1 and MIA PaCa-2 cells, we demonstrate that the bioactive sphingolipid ceramide 1-phosphate (C1P) increases pancreatic cancer cell migration and invasion. Treatment of these cells with selective inhibitors of phosphatidylinositol 3-kinase (PI3K), Akt1, or mammalian target of rapamycin 1 (mTOR1), or with specific siRNAs to silence the genes encoding these kinases, resulted in potent inhibition of C1P-induced cell migration and invasion. Likewise, the extracellularly regulated kinases 1 and 2 (ERK1-2), and the small GTPase RhoA, which regulates cytoskeleton reorganization, were also found to be implicated in C1P-stimulated ROCK1-dependent cancer cell migration and invasion. In addition, pre-treatment of the cancer cells with pertussis toxin abrogated C1P-induced cell migration, suggesting the intervention of a Gi protein-coupled receptor in this process. Pancreatic cancer cells engineered to overexpress ceramide kinase (CerK), the enzyme responsible for C1P biosynthesis in mammalian cells, showed enhanced spontaneous cell migration that was potently blocked by treatment with the selective CerK inhibitor NVP-231, or by treatment with specific CerK siRNA. Moreover, overexpression of CerK with concomitant elevations in C1P enhanced migration of pancreatic cancer cells. Collectively, these data demonstrate that C1P is a key regulator of pancreatic cancer cell motility, and suggest that targeting CerK expression/activity and C1P may be relevant factors for controlling pancreatic cancer cell dissemination.